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This invention relates to an electric circuit in- 
cluding a gaseous discharge device arranged fo 
ionize and deionize in response to certain voltage 
conditions in the circuit for effecting counting 
operations. 
Noise occurring at contact members adapted to 
engage and disengage each other in the switch- 
ing o.,frites of automatic telephone systems tends 
to impair voice transmission. This tends fo an- 
noy subscribers and cause them fo make fre- 
quent complaints based on noisy circuits. Af 
the present rime the magnitudes of such contact 
noise are observed as visual indications on a meter 
and thereafter manually recorded. These ob- 
servations and recordings are often subject fo 
considerable vaïiations due to such factors in 
the maintenance personnel as fatigue, difference 
in efliciency, difference in vision, etc. 
The present invention contemplates an electric 
circuit for automatically ascertaining the fre- 
quency of occurrence of contact noise of at least 
a certain magnitude in a telephone system. 
It is the main object of the invention fo count 
automatically the number of time intervals in a 
given testing period in which the noise occur- 
ring af disengageable contact members in a tele- 
phone switching system attains af least a certain 
magnitude. 
It is another object to count such rime inter- 
vals when contact noise is substantially constant 
in magnitude. 
It is also another object to count such time in- 
tervals when the contact noise is varying in mag- 
nitude. 
It is a further object to limit each counting 
interval in the given testing period approximately 
fo the saine minimum rime. 
It is still another object fo control the sen- 
sitivity of ionization of a gaseous discharge de- 
vice. 
It is stfll another object fo provide a predeter- 
mined number of counting intervals, each ha.r- 
ing approximately the saine minimum rime dura- 
tion, in a given testing period of time. 
In a specific embodiment, the invention com- 
prises, in combination, a circuit having a volt- 
age of a steady or a varying magnitude, a count- 
ing mechanism incinding an operating windin2 
and a first capacitor connected in shunt there- 
fo, a gaseous discharge device having a control 
electrode connected fo the input circuit, a screen 
grid, a cathode, and an anode, a source of alter- 
nating voltage connected fo the anode and cath- 
ode and including the operating winding and first 
capacitor therebetween, a timing apparatus for 
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rendering the alternating voltage effective for a 
given testing period, a second capacitor for 
plying a voltage of predetermined maximum 
magnitude fo the screen grid and adapted to be 
5 charged and discharged under control of the 
counting mechanism, a first non-linear element 
for limiting the voltage applied to the screen grid 
fo the predetermined magnitude, a second non- 
linear element for limiting the voltage applied 
10 fo the control grid of the gaseous device from 
the input circuit fo a certain maximum magni- 
rude. 
In the operation of the speciftc embodiment 
of the invention, the gaseous device is alternately 
15 ionized and deionized on a predetermined nurn- 
ber of successive positive and negative half-cycles 
of the alternating voltage when voltages of pre- 
determined and certain magnitudes are simul- 
taneously applied fo the screen and control grids, 
20 respectively, of the gaseous device whereby the 
first capacitor is charged fo energize the oper- 
ating winding of the counting mechanism and 
thereby operate this mechan£sm. This operation 
discharges the second capacit0r which commences 
25 fo take on another charge when the counting 
mechanism is returned to the undischarged con- 
dition, in preparation for effecting the next oper- 
ation of the counting mechanism. The two non- 
linear elements limit the operations of the courir- 
30 ing mechanism fo a predetermined maximum 
number in the given testing period. Each opera- 
tion of the counting mechanism indicates one 
rime interval in which the voltage in the circuit 
connected fo the control grid of the gaseous de- 
3 vice attains ai least a certain magnitude, and 
the total operations of the counting mechanism 
indicate the number of time intervals, each of ai 
least a minimum rime duration, in which the 
voltage in the control grid circuit attains ai least 
40 the certain magnitude in a given testing pe- 
riod. 
A feature of the invention resides in an ar- 
rangement whereby the ionization and deioniza- 
tion of the gaseous device effects the operation 
45 of the counting mechanism only in response to 
the simultaneous occurrence of control grid and 
screen grid voltages of the saine order of magni- 
rude. Another feature involves the use of a 
gaseous device fo control the operation of a count- 
5o ing mechanism which in turn controls the ioniza- 
tion and deionization of the gaseous device. 
other aspect relates fo the use of one non-linear 
element for limiting to a predetermined magni- 
rude the charge on the capacitor connected to 
55 the screen grid of the gaseous device thereby 
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3 
limiting the voltage applied to its scïeen grid by 
this capacitor fo such magnitude. This tends 
to control the sensitivity of ionization of the 
gaseous device. Another feature resides in the 
use of a second non-linear element for limiting 
the voltage applied to the control grid of the 
gaseous discharge device to a certain magnitude. 
A further feature concerns the use of the two 
non-linear elements for limiting each counting 
rime interval in a given testing period to the 
saine predetermined minimum duration. Still 
another feature involves a timing arrangement 
for limiting the operation of a counting mecha« 
nism to one occasion in each of a predetermined 
number of rime intervals, each of the saine mini- 
mure duration, in a given testing period in which 
the voltage applied to the control grid of the 
gaseous device attains at least a certain magni- 
rude. Or, in other words, the last-mentioned 
feature involves means for dividing a given test- 
ing period into a plurality of discrete testing in- 
tervals, each of the saine minimum duration. 
This timing arrangement, in a still further aspect, 
effects the operation of the counting mechanism 
for control grid voltages having a steady and/or 
a varying magnitude. 
The invention will be readfly understood from 
the following description when taken together 
with the accompanying drawing in which: 
Fig. 1 is a schematic circuit illustrating 
specific embodiment of the invention in an elec- 
tric circuit including a gaseous discharge device; 
and 
Figs. 2 and 3 i!lustrate certain action obtain- 
able in Fig. 1. 
leferring to Fig. 1, a gaseous discharge ch'- 
cuit cmîprlses 
including a cathode I I, a control grid 12, a screen 
grid 13 and an anode 14; an electromagnetic 
relay comprising in one form a, message register 
 of a well-known type as used in telephone 
systems and having an operating winding 
a capacitor 15 in shunt thereto, and a pawl and 
ratchet counter 45 of welt known type; a clock 
timing apparatus 17; and a source of alternating 
voltage 16 connected across the anode and cath- 
ode circuit and including the timing apparatus 
and the shunt arranged operating winding and 
capacitor therebetween. A resistor 16 of small 
value is inserted between the anode 14 and ca- 
pacitor 15 to limit the amount of anode current 
when the gaseous tube is ionized in a manner 
that will appear subsequently. The control grid 
12 is connected via lead 
The timing apparatus serres to tender the al- 
ternating source effective in the anode-cathode 
circuit foi" a given testing period whose amount 
and purpose wi!l be explained hereinafter. The 
capacitor 15 wfll be charged to an extent and 
for a purpose that wfll be explained later herein. 
The cathode I| of the gaseous device l0 is 
maintained at a fixed potential with reference 
to ground, say ÷50 volts for the purpose of this 
explanation, by a suitable voltage sotu'ce as 
shown, and ifs screen grid 3 is connected via 
terminal 2G and resistor 2 to a side 22 of a 
normally open contact 23 associated with the 
message registre- M. This contact further in- 
cludes an armature 24 having its upper end asso- 
ciated with the side 22 and its !ower end con- 
nected fo a ground point 26. 
The terminal 2, is a]so connected via lead 
fo one side of a capacitor 27 whose opposite side 
is &n.ounded. The screen grid side of the latter 
capacitor is connected by lead 28 fo a terminal 
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29 which is further connected through a serial!y 
arranged resistor S.3 and potentiometer 31 to a 
source of positive potential, hot shown. If will 
be understood that at least a predetermined 
5 charge, say ÷50 volts above ground for the pur- 
pose of this description, may be p!aced on the 
capacitor 27 in a preselected rime interval by 
adjustment of the potentiometer 31. Obviously, 
the charge on capacitor 27 is effective!y applied 
10 fo the screen grid of the gaseous device because 
of the normaliy open contact 2 associated with 
message register iV[P. The charge on capacitor 
27 may be drained of via the ground point 21i 
when the contact 2 is closed due fo the opeïa- 
15 tion of the message register D/Il% in a manner 
that will be hereinafter explained. 
In double diode 5 of the PCA 6H6 type, the 
right-hand diode has its cathode 3S connected 
fo the cathode Il of the gaseous device so as fo 
20 be biased to -}-50 volts s.bove ground, and its 
anode fo the terminal 2 and thereby fo the 
screen grid side of the capacitor 27 as well as 
to the resistor 3 and potentiometer 31 disposed 
in the charging circuit therefor. Thus, the 
25 right-hand diode --37 is effectively connected 
in shunt fo the capacitor 2 with reference fo 
the resistor 3 and potentiometer ?,i in the charg- 
ing circuit therefor. The diode 3.-- pls.ys no 
part in the functioning of the charging ciïcuit 
30 of the capacitor 27 until the charge thereon tends 
to exceed the predetermined value of ÷50 volts 
whereupon the charging current is shunted 
through this diode. ïhis tends fo pïevent the 
charge on the capacitor 2ï from exceeding the 
85 predetermined value of ÷50 volts thereby tend- 
ing substantially fo maintain the sensitivity of 
the discharge of the gaseous device ai the ÷50 
volts as will be seen hereinafter. 
ïn the double diode ,5, the left-hand diode bas 
40 its cathode 0 connected to the cathode  of 
the gaseous device so as tobe biased to ÷50 
volts above ground, and its anode 41 to the lead 
9 and thereby to the input circuit 3 and the 
control grid of the gaseous device. Thus, the 
45 diode 4[--til is effectivety connected in parallel 
with the control grid-cathode circuit of the gas- 
eous device I with reference to the input cir- 
cuit 6. The diode 41)--l piays no part in the 
operation of the input circuit 8 until the voltage 
50 therein attains at least a certain value, say ÷50 
volts above ground for the purpose of this ex- 
planation, whereupon the input current is 
shunted through the diode l]--t. Resistor 42 
inserted in the input circuit serres to tirait the 
55 
effective current in the input current 8 so that 
the voltage at anode 41 of the double diode 5 
cannot exceed approximately the ÷50 volts. This 
limitation tends to preclude the input voltage as 
60 app]ied to the control grid from exceeding the 
predetermined value of ÷50 volts, and thereby to 
substantially maintain the ionized periods of the 
gaseous device at fixed minimum rime intervals 
as will be pointed out later. The voltage in the 
65 input circuit 8 comprises a rectified and amplï- 
lïed voltage which is proportional, for the pur- 
pose of this description, to the noise at disen- 
gageable contact members in a switching office 
of an automatic telephone system as heretolore 
70 mentioned, not shown. Obviousty, the double 
diode 3 may comprise individual diode envelopes 
without changing their function in the circuit. 
The operation of Fig. 1 is arranged to record 
the number of rime intervals in a given testing 
ï5 period in which the voltage in the input circuit 
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8 attains at least the certain value of ÷50 volts 
in the following manner: 
Let it be assumed in Fig. 1 for the purpose 
this .description that the clock timing apparatus 
is adjusted to tender the 60-cycle voltage effec- 
tive in the ,previously identified anode-cathode 
circuit of the gaseous device for a 50-second 
testing period; the biasing voltages of ÷50 volts 
are being applied to the cathodes , 36 and 4{} 
o.f the respective gaseous device and double diode; 
and the charging interval ïor the capacitor 
shown in Fig. 2A has just begun, each associated 
charging and discharging interval of this iapac- 
itor being assumed to take place in one second as 
wfll be mentioned later herein. 
As the charge on capacitor 27 approaches the 
predeteïnined ÷50 volts, say ÷48 volts, during 
an instant when a positive halï-cycle of the 60- 
cycle voltage, Fig. 2B, is effeitive in the anode- 
cathode circuit of the gaseous device, the latter 
wfll ionize or lai1 to ionize depending on the mag- 
nitude oï the voltage applied to the control grid 
thereoï, i. e. on the magnitude of the voltage 
effective in the input circuit 8. Let it be further 
as.sumed for the purpose of this desiription that 
the voltage applied to the control grid of the 
gaseotts device at this instant bas attained 
proximately the certain magnitude oî ÷50 volts 
as shown in Fig. 2D. Thi.s means that the mag- 
nitude oï the voltage in the input circuit 8 is at 
least the certain ÷50 volts, but may exceed this 
amount as will be ïurther mentioned subse- 
quently. 
In response to the above voltages assumed in 
Fig. 1, the gaseous device will ionize on the posi- 
tive hall-cycle of the 60-cycle voltage effective 
at that instant in its anode-cathode circuit. As 
a consequence, current will fiow during that par- 
ticular positive hall-cycle of the 60-cycle voltage 
in a ciriuit including anode-cathode of the gase- 
tus device, winding 4a and capacitor 5, timing 
apparatus, and 60-cycle voltage source; but this 
current flow wfll be terminated on the next suc- 
ceeding negative hall-cycle of the 60-cycle volt- 
age due to the return of the gaseous device to the 
deionized condïtion. However, during the ioniza- 
tion of the gaseous device., the capacitor 5 will 
 take on a small charge, a as shown in Fig. 2C due 
to the particular positive hall-cycle of the 60- 
cycle ctu-rent flowing in the above-traced circuit, 
but will tend to discharge through the winding 
4a when the gaseous device is returned to the 
deionized condition. At this point it wfll be un- 
derstood that such discharge current of capaciIor 
 is inadequate to operate the message register 
MR; and further that the amount of current 
flowing in the winding 4a due to the positive 
half-cycle of 60-cycle current flowing in the 
above-traced circuit during the ionization of the 
gaseous device is also inadequate to. operate the 
message register MI. 
On the next succeeding positive half-cycle of 
the 60-cycle voltage, the gaseous device will 
again ionize as the initially assumed voltages till 
obtain except the capacitor 27 will now be 
sumed to ttain a charge of approximately ÷49 
volts. As a consequence, the capacitor  will 
take on a second small charge b as shown in 
Fig. 2C, the ionization of the gaseous device wfll 
be terminated, and the capacïtor $ will tend to 
discharge in the manner previously explained. 
On the next succeeding positive and negative 
cycles of the 60-cycle voltage, assuming the initial 
voltage conditions still obtain except the charge 
on the capacior 27 is now assumed tobe approxi- 
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mately ÷'50 volts, ,the gaseot device will ionize 
and deionize whereby a hird 'small charge c is 
placed on the capacitor , as shown in Fig. 2C, 
in the manner above described. 
5 After the ioniza:tion in the gaseous device bas 
,been quenched for the third successive rime, the 
capacitor 5 will tend again to discharge through 
the operating winding oï .the message register 
hR, but this time will operate it. This is 'st be- 
l0 cause the voltage charge accumuiated on the 
capacitor 3 is adequte for this purpose. This 
operation of tie message register /Ii moves 
armature 2«$ into engagement with its associated 
side 2 to close the norma]ly oen contact 
15 This connects ground 26 to. erminal 2{} which 
is co.mmon to screen grid of the gaseous device 
and to capacitor 27 whereby control of the next 
succeeding discharge of he gaseous device is re- 
s$ored immediately to this grid, and whereby at 
OE, the same rime OEhe discharge if capacitor 27 is 
effected. Restoration .of such control to this 
screen grid is due to the fact that the latter is 
niw at a negative potential with reference toits 
asociated cathode. P, eïerring t.o Fig. 2A it wfll 
OE:» be seen that each associated charge-discharge 
interval of the capacitor 27 requiïes approxi- 
mately one seco,nd; and each operatimoE of the 
message register MI disables the counting 
-v.echanism subs'antially for the 1-second period. 
!t is therefore evident that the cottage in the 
: input circuit 8 was ai least ÷50 volts at the rime 
of the discharge of the cap.acitor 27 or at the 
start .of the particular timing interval of one 
second. 
The foregoing operation .of the me'sage reg- 
35 isteï ItoEl actuates its counte.r  associated there- 
with in the well-known manner fo, indicate that 
voltage in the input circuit  had attained at 
least the certain magnitude of ÷50 volts ai the 
saït of the first 1-second inteïval in the given 
40 50-second testing interval. 
Once the voltage discharge of capacitor  5 falls 
bel.ow the value neces'ary fo continue the opera- 
tien of the message register IiP,, the arma'ture 
disengages from ifs associated side. 22 to restore 
45 contact 3 to the no.rmally open condition thereby 
removing the ground point 2 from .Che capacitor 
2ç. This so .conditions the circuit of Fig. 1 that 
the capacitor 27 commences fo take on another 
charge. Again, when the charge on capacito 
50 appro.aches the values o ÷48, ÷49 and ÷50 
volts and the voltage in the input circuit attains 
at least the certain magnitude of ÷50 volts as 
previously mentioned, the gaseous device will 
ionize t.o cause a second operation of the message 
55 register OE in the manner just described. This 
operation of the message register records a sec- 
.ond 1-second interval in the given 50-second test- 
 ing period in which the voltage in the input cir- 
cuit $ attains at least the certain magnitude of 
60 .÷50 vo]fs. 
The foregoing action resulting in the opera- 
tion of the message register MR may be repeated 
once each second in the remaining rime of the 
given 50-second testing period st long as the 
voltage in the input circuit 8 attains at ]east the 
65 certain magnitude of ÷50 volts. Hence, the 
message register MI wi]l record, in the above 
manner, flfty 1-second intervals in the given 50- 
second testing period in which the voltage in the 
70 input circuit 8 attains at least the certain mag- 
nitude of ÷50 volts. 
According to the ïoregoing operation, the pre- 
determined charge of ÷48, ÷49 or ÷50 volts on 
capacitor 27 tends to flx the sensitivity of the dis- 
7i charge of the gaseous device and this sensitivity 
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tends te be maintained by the action of the right- 
hand diode 3(--37 in the double diode 35 in the 
manner hereinbefore described. The action of 
the leît-hand diode 40--41 in the double diode 35 
tends te limit the voltage applied te the control 
grid of the gaseous device substantially te the 
certain magnitude of ÷59 volts, regardless of the 
magnitude of the voltage effective in the input 
circuit 8 thereby tending te maintain each asso- 
ciated charge and discharge of the capacitor 
te the minimum 1-second interval which was 
initially assumed. Thus, the action of the two 
diodes tends te divide the given 50-second test- 
ing period into flfty i-second testing intervals 
thereby limiting the operations of the message 
register MPo te a predetermined maximum num- 
ber of fifty in the given 50-second testing period. 
If wfll be understood that if is unnecessary for 
the voltage in the input circuit 8 te remain ai 
the certain magnitude of ÷50 relis for each en- 
tire i-second interval but must bave attained 
substantially such value ai the instant when the 
charge on capacitor 27 attains approximately ifs 
predetermined value of ÷50 volts in the manner 
hereinbefore explained. Obviously, the voltage 
in the input circuit 8 need net be steady in mag- 
nitude but may be, and very offert is, of varying 
magnitude. This will be clear frein the descrip- 
tion that cornes hereinafter. 
Accordingly, if may happen in the circuit of 
Fig. i that the magnitude of the voltage in the 
input circuit 8 may vary widely dtu-ing the 50- 
second testinK period se that the maKnitude of 
the voltage applied te the control grid of the 
gaseous device, when the capacitor 27 has at- 
tained approximately the predetermined charge 
of ÷50 volts, is sometimes of the order of the cer- 
tain magnitude of ÷50 volts and sometimes less 
than this amount. As a consequence the circuit 
of Fig. iis also arranged te record, ai a rate net 
te exceed once per second, the numbm" of inter- 
vals in the given 50-second testing period in 
which the voltage varyinK in magnitude in the 
input circuit S attains at least the certain mag- 
nitude of ÷50 volts in the following manner. 
Let if be assumed agaln that the conditions of 
approximate!y ÷50 volts for the input circuit S 
and capacitor 27 occur in the circuit of Fig. 1 se 
that the message register MI is operated in the 
manner aforementioned once ai the beginning of 
the rime TI and again ai the end of the rime TI 
or the beginning of the rime T2 as shown in Figs. 
3A and B. This means that the voltage in the 
input circuit 0 attained ai least the certain mag- 
nitude of ÷50 relis ai the start of the two suc- 
cessive rime intervals of TI and T2, each of which 
includes the minimum rime of one second re- 
quired for each charge-discharge inteïval of ca- 
pacitor 27 as above explained. 
Ai the end of the 1-second interval T or the 
beginning of the interval Ts, however, the voltage 
in the input circuit 8 is below the certain mag- 
nitude of ÷50 volts and the capacitor 27 has the 
predetermined ÷50 volt charge thereon as shown 
in Figs. 3A and B. As a consequence the gaseous 
device will net ionize. Ai the saine rime, if will 
be understood that the action of the right-hand 
diode S--3ï of the double diode  tends te limit 
the maximum charge on capacitor  approxi- 
mately te the predetermined ÷50 volts in the 
rnanner hereinbeÏoïe described. This condition 
obtains until toward the end of the rime interval 
Tz when the voltage in the input circuit 8 
proaches its certain manitude of +50 relis. In 
this case, the capacitor ! 5 is again charged in the 
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three steps shown in Fig. 2C in a manner which 
similar te that mentioned previously for the 
initially assumed conditions in Fig. 1. This 
charging of capacitor !5 will new be explained. 
5 As the voltage in input circuit S attains a value, 
say for examp!e, approximately ÷48 volts to- 
ward the end of rime Ts during an instant when 
a positive hall-cycle of 60-cycle voltage is effec- 
tive in the anode-cathode circuit of the gaseous 
o device and a charge of approximately ÷50 volts 
is placed on the capacitor 27, the gaseous device 
will ionize te institute a flow of current in the 
above-traced anode-cathode circuit thereof, and 
will be deionized on the next succeeding negative 
5 half-cycle of the 60-cycle voltage. During this 
ionization of the gaseous device, the capacitor 
will take on its first step  of charge as shown 
in Fig. 2C. On the next succeeding positive and 
negative hall-cycles of the 60-cycle voltage when 
2o the voltage in the input circuit 8 is approximately 
÷49 volts toward the end of rime T,, the 
pacitor ! will take on its second step b of charge 
as shown in Fig. 2C. On the next succeeding 
Positive and negative hall-cycles of the 60-cycle 
5 voltage when the voltage in the input circuit  is 
approximately ÷50 volts toward the end of rime 
T, the capacitor !5 witl take on its third step c 
of charge as shown in Fig. 2C. This, as above 
pointed out, will provide suflicient voltage charge 
3o on capacitor f5 te effect the third operation of 
the message register MI thereby recording the 
third rime interval in the 50-second testing 
riod in which the voltage in the input circuit 
attains at least the certain magnitude of ÷50 
:». volts. New, it will be observed in Fig. 3 that the 
third operation of the message register MR is 
net effected until the end of the rime interval T, 
or the beginning of the rime interval T« How- 
ever, it will new be evident that substantially the 
-II rime T÷T is required te effect the third opera- 
tion of the message register MI. 
Next, in Fig. 3, it wfll be noticed that the 
capacitor 2 aain discharges and attains the 
predetermined charge of ÷50 volts approximately 
at the end of the 1-second interval T but again 
the voltage in the input circuit 8 is below the cer- 
tain magnitude of ÷50 volts and does net aP- 
proach the latter magnitude te ionize the gaseous 
device until the end of the rime interval Ts or 
::, be2inning of the rime interval T. The message 
register I,,il is eperated a fourth ttme in the 
manner just explained te record a fourth rime 
interval in which the voltage in the input circuit 
8 attains at least the certain magnitude of ÷50 
volts. New, if wil! be observed in Fig. 3 that ap- 
proximately the rime interval T÷T is required 
 operate the message register whereas differ- 
ent amounts of tirne were required for this pur- 
pose as previously pointed out. If wfll be under- 
; stood for this explanation that the rime intervals 
TI÷T÷T÷T÷T consume only a portion of 
the given 50-second testing period, although 
will be obvious that these tirne intervals may 
constitute the entire testing period. During the 
I$ remaining portion of the testing period, if any, 
if may happen that the message register IVIR is 
operated one or more rimes in accordance with 
the voltaie variations in the input circuit S in 
the 1-second intervals of Fig. 2 or in the tandem 
ïo tirne intervals of Fig. 3. Ai the end of this 50- 
second testing period, the total operations of the 
message reister MP will record and thereby 
dicate a nurnber of intervals, each of net less 
than i-second duration, in which the voltage in 
5 the input circuit S attains ai least the certain 
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magniture of ÷50 volts. From Fig. 3 it fll be 
evident that it is unnecessary for the voltage in 
the input circuit 8 to remain at the certain mag- 
nitude of at least ÷50 volts for the entire dura- 
tion of the 50-second timing interval but this 
voltage must have such magnitude at the com- 
mencement of each 1-second interval in the 50- 
second testing period and may have a lesser mag- 
nitude during the remainder of each latter inter- 
val. 
While the foregoing exp]anation regarding 
Figs. 1, . and 3 indicates a gradual increase in 
the magnitude of the voltage in the input circuit 
8 up to and including the certain magnitude of 
÷50 volts would appear to be required for the 
purpose of charging capacitor 15, it will be un- 
derstood that the saine operation to charge the 
capacitor 15 would obtain if such input voltage 
achieved the maximum magnitude of ÷43 volts 
and continued thereat during the remainder of 
the charging interval for the capacitor ! 5. Thus, 
a minimum certain voltage of ÷43 volts in the 
input circuit ,8 together with the predetermined 
charge of ÷50 volts on capacitor 27 or a mini- 
mum certain voltage of ÷43 volts in the input 
circuit .8 together with a minimum predetermined 
charge of ÷43 volts on the capacitor 27 would be 
adequate to ionize the gaseous device to charge 
the capacitor 5 and thereby operate the message 
register MR in the manner previously exp]ained. 
A]so, it will be obvious that a suflicient charge 
may be placed on capacitor 5 during each single 
ionization of the gaseous device or any member 
of ionization thereof in order to operate the mes- 
sage register MR, if itis so desired. 
While the specific embodiment of the invention 
has been selected for detailed description in con- 
nection with a countinE apparatus, if is no 
necessarily limited to use with such mechanism. 
The embodiment of the invention disclosed 
should be taken as an illustration rather than a 
restriction thereof. 
What is claimed is: 
1. In combination, an input circuit, a load cir- 
cuit» a gaseous device connecting said circuits 
and including a control grid, a screen grid and a 
cathode, said control grid being connected to 
said input circuit, means for applying a pre- 
selected voltage fo said cathode, and means for 
controlling the ionization of said device, said 
controlling means comprising means for applF- 
ing a voltage of predetermined magnitude to 
said screen grid, said device being adapted to 
ionize fil response to the predetermined screen 
grid voltage and a voltage of certain magnitude 
applied from said input circuit to said control 
grid at the saine rime, a first diode including a 
cathode and an anode ïor limiting the screen 
voltage to the predetermined magnitude, said 
first diode having its anode connected to a point 
common to said screen grid and said predeter- 
mined voltage means, said first diode having its 
cathode connected to a point common fo said 
preselected voltage means and said firstmmen- 
tioned cathode, and a second diode including a 
cathode and an anode for limiting the voltage 
applied to said control grid to the certain mag- 
nitude, said second diode having its anode con- 
nected to a point common to said input circuit 
and said control grid, said second diode having 
its cathode connected to a point common to said 
preselected voltage means and said first-men- 
tioned cathode, such limitation oï the screen grid 
and control grid voltage tending to control the 
ionization of said device. 
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2. A system for counting the number of rime 
interva]s during a given testing period in which 
a voltage of varying magnitude in a circuit 
tains at least a certain magnitude comprising 
5 in combination a counting mechanism having an 
operating winding and a noima]]y open contact 
having a non-grounded side and a grounded side, 
 first capacitor connected in shunt fo said wind- 
ing, a gaseous discharge device including a con- 
] trol grid connected to said circuit, a screen grid, 
a cathode and an anode, a source of alternating 
roltage connected through said winding and ca- 
pacitor to said anode and cathode, timing means 
for applying the a]ternating source to said anode 
15 and cathode for the given testing period, means 
for applying a prese]ected voltage to said cathode, 
a second capacitor for app]ying a voltage of a pre- 
determined magnitude to said screen grid, said 
second capacitor having one terminal grounded 
20 and its opposite terminal connected to said screen 
grid and said non-grounded side of said contact, 
means connected to said ]ast-mentioned terminal 
for charging said second capacitor to the predeter- 
mined voltage in a certain rime interval, said 
25 second capacitor being charged and discharged 
under control of said mechanism, a first diode 
having ifs plate connected to said charging 
means and said opposite terminal of said second 
capacitor and its cathode to a point common to 
30 said preselected voltage means and said cathode 
of said device for limiting the charge on said sec- 
ond capacitor substantially fo the predetermined 
magnitude, a second diode having its plate con- 
nected to a point common fo said control grid 
35 and input circuit and ifs cathode to a point com- 
mon to said preselected voltage means and said 
cathode of said device for limiting the input volt- 
age applied fo said control grid to the certain 
magnitude, said first capacitor being charged by 
 a predetermined number of successive positive 
hall-cycles of the alternating voltage when the 
predetermined and certain voltages are simul- 
taneously applied to said control grid and screen 
grid, respectivelF, to institute ionization in said 
45 device, said first capacitor tending to discharge 
through said winding on the successive negative 
half cFcles of the alternating voltage until said 
mechanism is operated to close said normally 
open contact wherebF ground potential is 
50 plied to said screen grid and to said second ca 
pacitor and whereupon said second capacitor is 
caused to dis£harge, said first and second diodes 
limiting the operations of said mechanism to a 
predetermined maximum number in the given 
55 testing period, said second capacitor taMng on 
the predetermined charge during the next suc- 
ceeding certain charging rime interval therefor 
upon the restoration of said normallF open con- 
ta£t when said mechanism is returned to the un 
50 operated condition due fo the discharge of said 
first capacitor, each operation of said mecha- 
nism recording one rime interval in which the 
voltage in said circuit attained at least the cer- 
tain magnitude, and the total number of opera- 
5 tions of said mechanism recording the number 
of rime intervals in which the voltage in said 
circuit attained at least the certain magnitude 
duïing the given testing period. 
3. In combination, an input circuit having a 
70 voltage of at least a certain magnitude, a count- 
ing mechanism having an operating winding and 
a capacitor in shunt thereto, a gaseous discharge 
device having a control grid, a screen grid, a 
cathode and an anode, said control grid being 
75 connected to said input circuit, a source of al- 
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ternating current connected to said cathode and 
anode and including said winding and capacitor 
therebetween, means for applying a voltage of 
predetermined magnitude fo said screen grid to 
cause said device to ionize on a oositive half- 
cycle of the alternating voltage when the certain 
voltage being applied fo said control grid from 
said input circuit af the saine rime has a magni- 
rude substantiatty equal fo the predetermined 
magnitude of said screen grid voltage whereby 
said capacitor is caused fo take on a charge, said 
capacitor dissipating its charge in said winding 
to operate said mechanism as said device is de- 
ionized on the next succeeding half-cycle of the 
alternating voltage whereby said mechanism is 
caused to record that af least the certain voltage 
occurred in said input circuit, means for applying 
a preselected voltage fo said cathode of said de- 
vice, and means for controlling the predeter- 
mined voltage applied to said screen grid, said 
last-mentioned means comprising a diode hav- 
ing an anode and a cathode, said last-mentioned 
anode being connected to a point which is coin- 
mon to said screen grid and said predetermined 
voltage means, said last-mentioned cathode being 
connected fo a point which is comrnon to said 
cathode of said device and said preselected volt- 
age means. 
4. In combination, an input ch'cuit having a 
voltage of af least a certain magnitude, a count- 
ing m.echanism having an operating winding and 
a capacitor in shunt thereto, a gaseous discharge 
device having a contl'ol grid, a screen grid, a 
cathode and an anode, said control grid being 
connected to said input circuit, a source of at- 
ternating current connected fo said cathode and 
anode and including said winding and capacitor 
therebetween, means for applying a voltage of 
predetermined magnitude to said screen grid fo 
cause said device to ionize on a positive half- 
cycle of the alternating voltage when the certain 
voltage being applied fo said control grid from 
said input circuit at the saine rime has a magni- 
rude substantially equal to the predetermined 
magnitude of said screen grid voltage whereby 
said capacitor is caused fo take on a charge, said 
capacitor dissipating ifs charge in said winding 
to operate said mechanism as said device is de- 
ionized on the next succeeding half-cycie of the 
alternating voltage whereby said mechanism is 
caused to record that af least the certain volt- 
age occurred in said input circuit, means for ap- 
plying a preselected voltage fo said cathode of 
said device, and means for controlling the cer- 
tain voltage applied fo said controt grid, said 
last-mentioned means comprising a diode in- 
cluding an anode and a cathode, said last-men- 
tioned anode being connected fo a point which is 
cornmon to said control grid and input circuit, 
said last-mentioned cathode being connected fo 
a point which is common to said cathode of said 
device and said preselected voltage means. 
5. A system for counting the nurnber of t.flne 
intervats in a given testing period in which a 
voltage in a circuit attains af least a certain 
magnitude comprising in combination a gaseous 
discharge device having a control grid connected 
fo said circuit, a screen grid, a cathode, and an 
anode, a counting mechanism including an oper- 
ating winding, a counter actuable by said wind- 
ing, and a capacitor in shunt to said winding, a 
source of alternating voltage connected to said 
anode and cathode and including said winding 
and capacitor therebetween, timing means for ef- 
fectivety applying said source fo said anode and 
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cathode for a given testing period, means for ap- 
ptying a voltage of predetermined magnitude fo 
said screen gïid af recu'rent rime intervals under 
controt of said mechafism, said device alter- 
5 nately ionizing and deionizing on successive posi- 
tive and negative half-cycles of the alternating 
voltage when the predetermined and certain volt- 
ages are applied to said scïecn grid and control 
grid, respectivety, ai the some time, substantialty 
10 with the saine magnitude, said capacitor charg- 
ing during the ionization of s.-aid device and dis- 
charging in said winding during the deionization 
cf said device whereby said mechanism is oper- 
ated fo actuate said countm" and to controt the 
15 recurrei]t rime intervals of said predetermined 
voltage means, meaus for clïectively dividing the 
given testing period into a plurality of discrete 
rime intervals, each of thc saine minimum dura- 
tion, in whici said capacitor is capable of taking 
20 on suiî]cient charge to cperate s.id mechanism, 
each actt:...-ation of said counter recoïding one rime 
interval in which the voltage in said circuit at- 
tained at least the certain magnitude, and the 
total number of actuations of said counter re- 
25 cordin$' the total numbe): of rime interva!s in 
which the voltage in said circuit attained ai least 
the certain magnitude durin2 the given testing 
period, said dividing means comprising a pair of 
diodes each having an anode and a cathode, the 
3o anode of one diode being connected fo said 
screen grid and said voltage means, and the cath- 
ode of s.-aid one diode being connected fo said 
cathode of said device, said one diode tending to 
limit the volte.ge applied to said screen grid to 
35 the predetermined magnitude, t.he anode of the 
second diode being connected to said input cir- 
cuit and said control grid of said device, and the 
cathode of said second diode being connected to 
said cathode of said device, said second diode 
40 tending to limit the voltage cpplied to said last- 
mentioned contr.ol grid to the certain magniutde. 
6. A system for counting the number of time 
interv.-als durLng a given testin period in which 
a voltage in a circuit attains at least a certain 
45 magnitude compïising in combination a gaseous 
disch.-arge device h.-aving a control grid connected 
to said circuit, a screen grid, a cathode and an 
anode, a cotming mechanism having an operat- 
ing winding and a capacitcr connected in shunt 
50 thereto, s.-aid mechanism having a normatly open 
contact which h.-as o-]e side gïotm_ded, a sotu.ce 
of alternating voltage cormected fo said anode 
and cathode and including said winding and ca- 
pacitor theïebetwecn, timfi]g means for applying 
55 said alternating source to said anode and cathode 
for the given testing period, noEeans for applying a 
voltage of predetermined mv.gnitude to said screen 
grid af recCu'rent rime intervals under control of 
aid mechanism, circuit meal]s for connecting the 
60 non-grounded side of said contact to said screen 
grid and said voltage me-ans therefor, said de- 
vice alernately ionizin and deionizing on a pre- 
determined number of successive positive and 
neCative halï-cycles of the alternatins voltage in 
65 response to the app]icatio_] of the certain and 
predetermined voltaes to said control and screen 
grid, respectively, at the saine rime, and with 
substantially the saine nïagnitç;de, said capacitor 
being charged dtrins the ionization of said de- 
?0 vice and tending to disch.-arge throuCh said wind- 
in¢ dtu'in the deio]iz.-ation of said device untfl 
said mechanisra is operated whereby said contact 
is closed to apply ïound to said screen rid and 
said voltage means fo effectively disconnect said 
? v0]taCe means frorn said screen ¢rid, said voltage 
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means being reapplied to said screen grid for the 
next succeeding rime interval upon the restora- 
tion of said normally open contact when said 
mechanism is returned to the unoperated con- 
dition due fo the discharge of said capacitor, each 
operation of said mechanism recording one rime 
interval in which the voltage in said circuit 
tained at least the certain magnitude, the total 
number of operations of said mechanism record- 
ing the total number of rime intervals in which 
the voltage fil said circuit attained at least the 
certain magnitude during the given testing pe- 
riod, and means for ]imiting the operations of 
said mechanism to a predeteïmined maximum 
number in the given testing period, said limit- 
ing means including a pair of non-linear ele- 
ments, one element being effectively connected 
in shunt fo said pïedetermined voltage means for 
limiting the voltage applied to said screen gïid 
fo the predeteïmined magnitude, and the second 
element being effectively connected in shunt to 
said input circuit for limiting the voltage applied 
fo said control grid fo the certain magnitude. 
i. In combination, an input circuit having a 
voltage of at least a certain magnitude, a count- 
ing mechanism having an operating winding and 
a capacitoï in shunt thereto, a gaseous discharge 
device having a contïol gïid, a scïeen grid, a 
cathode and an anode, said control grid being 
connected to said input circuit, a source of alteï- 
nating current cormected to said cathode and 
anode and including said winding and capacitor 
theïebetween, means for applying a voltage of 
predetermined magnitude to said screen grid to 
cause said device to ionize on a positive half-cycle 
of the alternating voltage when the certain volt- 
age being applied fo said control grid fmm said 
input circuit af the saine rime has a magnitude 
substantial]y equal to the predetm'mined magni- 
rude of said screen grid voltage wheïeby said 
capacitor is caused fo take on a charge, said ca- 
pacitor dissipating ifs charge in said winding to 
opeïate said mechanism as said device is de- 
ionized on the next succeeding half-cycle of the 
alternating voltage whereby said mechanism is 
caused fo record that af least the certain volt- 
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age occurred in said input circuit, means for ap- 
plying a preselected voltage to said cathode of 
said device, means for controlling the predeter- 
mined voltage applied to said screen grid, said 
5 last-mentioned means comprising a diode having 
an anode and a cathode, said last-mentioned 
anode being connected to a point which is coin- 
mon to said screen grid and said pïedetermined 
voltage means, said last-mentioned cathode 
]0 ing connected fo a point which is common to said 
cathode of said device and said preselected volt- 
age means, means for applying a preselected volt- 
age to said cathode of said device, and means for 
cnotïolling the certain voltage app]ied fo said 
15 contïol grid, said last-mentioned means compris- 
4ng a diode including an anode and a cathoàe, 
said last-mentioned anode being connected to a 
point which is common to said control grid and 
input circuit, said last-mentioned cathode being 
20 connected fo a point which is common to said 
cathode of said device and said pïeselected volt- 
age means. 
LESTE Y. LACY. 
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